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(57) Abstract 

A dry biocidal composition, the active ingredient of which comprises an N-halo organic oxidizing biocide and a non-oxid- 
izing biocide, the N-halo organic oxidizing biocide being selected from the group consisting of 3-chloro-4,4-dimethyl-2-oxazolidi- 
none, 3-bromo-4,4-dimethyl-2-oxazolidinone, l,3-dichloro-4,4,5,5-tetramethyI-2-imidazolidinone, l,3-dibromo-4,4,5,5-tetrame- 
thyi-2-imidazolidinone, I-bromo-3-chloro-4,4,5,5-tetramethyl-2-imidazolidinone, l,3,5-trichlorp-s*-triazine-2,4,6-trione, dichloro- 
s-triazine-2,4,6-trione, sodium dichloroisocyanurate, potassium dichloroisocyanurate, N-halohydantoin compounds of formula 
ll), where R 1 and R 2 are independently selected from the group consisting of hydrogen and lower alkyl, and x 1 and x 2 are 
independently selected from the group consisting of bromine, chlorine and hydrogen, at least one of x 1 and x 2 being halog- 
en, and N-haloglycourils having formula (II), wherein R and R { are each selected from the group consisting of hydrogen, 
lower alkyl and monocarbocyclic aryl; wherein R2, R3, R4 and R 5 are each selected from the group consisting of hydrogen, 
chlorine and bromine; and wherein at least one of said R2, R3, R4 and R 5 is chlorine and at least another of said R2, R3, R4 
and R 5 is bromine ; and the non-oxidizing biocide being selected from the group consisting of 2-chloro-4,6-bis(ethylami- 
no)-s-triazine,2-(tert-butylarmno)-4-chlo 2-chloro-4,6-bis(isopropylamino)-s-triazine, and 

2-chloro-4 emylamino-6^isopropylamino-s-triazine. 
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BIOCIDAL COMPOSITION 

Background of the Invention 

This invention relates to a novel biocide, and 
more particularly to a. dry biocidal composition containing 
an oxidizing biocide and a non-oxidizing biocide. 

Routine maintenance of water-cooling towers, 
swimming pools, hot tubs, and other water systems requires • 
that the water be treated to control the growth of algae, 
bacteria and fungi. . However, no one composition is highly 
effective against the commonly encountered strains of these 
pests. For instance, certain compositions are highly ef- 
fective against the commonly encountered strains of algae, 
but tend to be less effective against the commonly 
encountered strains of bacteria or fungi. Other 
compositions tend to be highly effective against the 
commonly encountered strains of bacteria,, but less 
effective against the commonly encountered strains of algae 
or fungi. 

Effective use of a single ..composition in water 
treatment, therefore, requires the use of a concentration 
that is great enough to demonstrate activity against the * 
commonly encountered strains of all three pests . However, 
the use of relatively high concentrations of one component 
may create problems with the surrounding environment. For' 
instance, it is reported in U.S. patent -4, 659, 359 that in 
order to control algae, simazine must be used at a con- 
centration which renders it harmful to plants of a higher 
order. Also, the cost of maintaining . the composition at : 
that concentration may be prohibitive. 

An alternative approach thathas been tried is : 
the use of two biocides in combination. . However, many 
biocides are not stable to active halogen. For example, in 
U.S. patent 4,659,359 it is reported that certain triazines 
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(i.e., amefcryne, pcomefcryne and terbutryne) are effective 
xn controlling algae in natural lakes, but cannot be used 
in chlorinated water tanks, since the compounds are not 
stable to chlorine. Nevertheless, that patent does suggest 
' a h f, 2 :f 10r0 - 4 ^- bis - (et ^ la ^o)-s-tria Z ine Csimazine) 

and 2-(tert- b utylamino)-4-chloro-6-(eth y ia m ino)-s-tria Z ine 
Uerbuthyiazine) are stable to chlorine under use con- 
dxt.ons in an aqueous state, i.e., at concentrations of 0 1 
to I m ,/l triazine and 0.05 to 3 mg./l active chlorine 
(col, 3, lines 17-21) and discloses separate treatment of a 
water system with a source of chlorine and the specified 
triazmes. 

Although separate treatment of water systems with 
two biocidal compositions maybe effective in controlling 
15 algae and bacteria, it can be labor intensive. The person 
- te ponsioie f oe water treatraent ^ musfc sepgcatly ^J*'*™ 

correct amount of, each composition, add it to the system at 
the appropriate interval and keep records for each i„ 

20 ITelT !° nfcinU0US feed ^ — « of erosion feeders and 
TJ , Significanfc —ings, but is not par- 

::::^ e iy 1*1 

separate compositions. Either separate feeders for ^ach ' 
composition is .required or both compositions must be added 
to the same feed tank. Both options present disadvantages ' 
" S **T* feed6rS addS addit "-l expense and Squires 

maxntenance of - two pieces of equipment instead of one And 

ecause raany compositions are not stable to each oZl at 
hrgh concentrations, it often is not possible to add both 
compositions to the same feed tank, 

30 Summary of the Invention . • 

Among the several objects of the "present 
invention, therefore, may be noted the provision^ of a 
bxocxdal product that is effective for the treatment of 
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water systems for , algae, bacteria and fungi, and which is 
well suited for use in. erosion feeders and for batch-wise 
addition to a water system. Another object of this 
invention is the provision of such composition in a 

5 "user-friendly" form, wherein the composition is in the 
form of a solid agglomerate, such as a tablet, which 
provides an effective amount of each biocidal component and 
which is stable in the dry state as well as in the effluent 
of an erosion feeder. 

10 Briefly, therefore, the- present invention is dir- 

ected to a novel dry biocidal composition, the active 
ingredient of which comprises an oxidizing biocide and a 
non-oxidizing biocide. The oxidizing biocide is an N-halo 
organic oxidizer selected from the group consisting of 3-. 

15 chloro-4, 4-dimethyl-2-oxazolidinone, 3-bromo, 4 ,-4-dimethyl- 
2-oxazolidinone, 1 , 3-dichloro-4, 4 , 5, 5-tetramethyl-2- 
imidazolidinone, 1, 3-dibromo-4, 4, 5, 5-tetramethyl-2- 
imidazolidinone, l-bromo-3.-chloror4, 4, 5, 5-tetramethyl- 
2-imidazolidinone, 1, 3, 5-trichloro-s-tr iazine-2 , 4,6-trione, 

20 dichloro-s-triazine-2,4,6-trione, sodium dichloro- 
isocyanurate , potassium dichloroisocyanurate , 
N-halohydantoin compounds of the formula 




where R and R are independently selected from the 
25 group consisting of hydrogen and lower alkyl, and X and. 
X 2 are independently selected from the group consisting 
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of bromine, chlorine and hydrogen, at least one of x 1 and 
« *exn g Haiogen and .^n,^ the ^ f 




R 4- N \ C ^N-R 5 



II 
O 



wherein R and ^ «. eac h selected f£om 

casting of hydrogen, lower alty! and monocarbocyclic 
«n, .wherein, R,. Rj , and ^ are aaoh ; 

from the group consisting or hydrogen, chlorine and 
bromme, and wherein at least one of said R„ . 
and R 5 is chlorine an* at least another: o, aaid 3 R 
R 3 , R 4 and R^is bromine.' . ft. non-ozidizing biocfde' 
is selected from the group consisting of 2-=hloro-: > < 
^S-brslethylaminol-s-triazine.fsimazine). 2-(tert- 
butylamino,-4-chloro-6-,ethylamino)-s-tria 2 ine 
Uerbuthylazine,, 2-=hloro-,, 6 -bi s - (ls opropylami„o,- 
s-tnazme (propazine), and 2-chloro-4 ethyl-amino- 
6-isopropylamino-s-triazine (atrazine). 

The invention is further directed to a solid 
agglomerate comprising the biocidal composition of this 

20 ° UP °" aiSSOl ° tlon l « "e agglomerate 

20 p ovrdes an effective amount of active halogen and triazine 
(s«azx„e, terbuthylazine, atrazine. propazlne or a 

onTrl". theCe0n- " bl " S "» <»«— delude 

on. or more inert ingredient selected -from among binders 
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The invention is further directed to a method of 
controlling the growth of algae and bacteria in a water 
system. The method comprises treating the water system 
with an effective amount of the biocidal composition of 
5 this invention. 

Other objects and features of this invention will 
be in part apparent and in part pointed out hereinafter. 

Brief Description of the Drawings 

FIG. 1 is a graph showing the water temperature 
10 on the upper deck and in the basin of the cooling tower 
versus time as described in Example 3. 

FIG. 2 is a graph showing the weight of - the 
biofilm on a portion of- the upper deck of the cooling tower 
and the concentration of algacide in the cooling water 
15 versus time as described in Example 3. 

FIG. 3 is a graph showing the weight of the 
biofilm on a portion of the upper deck of the cooling tower 
and the concentration of algacide in the cooling water 
versus time as described in Example' 3. ., 

20 Description of a Preferred Embodiment 

In accordance with this invention, a biocidal 
product has been discovered which comprises an oxidizing 
biocide and- a non-oxidizing biocide . The product 1 thus 
provides effective control of f bacteria and algae,- at 

25 concentrations of .each component that are less tham that 
required if either component were used alone. 
Significantly, it has been found that the dry product is 
stable, i.e., it does not undesirably react when blended in 
a dry form as measured by : the absence of the liberation of 

30 halogen gas for a 120 day period at a temperature of 

120°F. Moreover, it has surprisingly been found that the 
oxidizing and non-oxidizing biocides are stable in the 
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aqueous phase, even in the effluent of erosion feeders 
where the concentrations of each biocidal composition are 
conaiderably greater than their respective normal use 
concentrations in the water system. 

preset . ° Xidi2ing W ° cides hav "g application in the 
present invention include 3-chloro-4, 4-dimethyl-2- 
oxazolidinone, 3-bromo- 4,4-dimethyl-2-oxazolidinone, 

l,3-dxchloro-4,4,5 f 5-tetramethyl-2-imida 2 olidinone, 

1, 3-dzbromo-4 , 4, 5, 5-tetramethyl-2-imidazolidinone, 1-bromo- 

3-chloro-4,4 f 5/ 5-tetramethyl-2-imida Z olidinone, 
l^.S-trichloro-s-triazine^^.e-trione, dichioro-s- 
tria Z1 ne-2,4,6-trione r sodium dichloroisocyanurate 




where R, and R are independently : selected from the 
group consisting, of hydrogen and lower alkyl, and X 1 and 
X are independently, selected from the group consisting 
of bromine, chlorine and hydrogen, at least one of X 1 and 
X being halogen and N-haloglycourils having the formula- 
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wherein R and R^ are each - selected from the group 

consisting of hydrogen, lower alkyl and monocarbocyclic 

aryl; wherein R^, R^, R 4 and R g are each selected 

from the group consisting of hydrogen, chlorine and 

5 bromine; and wherein at least one of said R 2 , R^r 

and R 5 is chlorine and at least another of said R 2 , 

R^ f R, and R c is bromine. The above-identified 
3 4 5 1 

N-halohydantoins, in general^ and the N,N -dihalo- 
hydan.toin compounds such as l-bromo-S-chloro^S , 5- 

10 dimethylhydantoin, 3-bromo-l-chloro-.5 f 5-dimethylhydantoin f 
1, 3-dibromo-5,5-dimethylhydantoin, 1, 3-dichloro-5, 5- 
dimethylhydantoin, in particular, are preferred as the 
halogen donor.. The, most preferred halogen donor is 
l-bromo-3-chloro-5,5-dimethylhydantoin (BCDMH). 

15 Non-oxidizing biocides having application in the 

present invention include simazine, terbu thylazine ' 
propazine and= atrazine and mixtures thereof. Commercially 
available sources of simazine and terbuthylazine presently 
include a dry herbicide containing 90% simazine and 10% 

20 inert ingredients sold under the trade designation Princep 
Caliber 90 by . Ceiba-Geigy (Greensboro, N.C .) ? and a'dry- 
herbicide containing 96% terbuthylazine and 4% inert 
ingredients sold under the trade designation Bellacide 320 
by Ceiby-Geigy. / " ;V 

25 Preferably; the biocidal product comprises about 

1% to about 50% by weight triazine and about !%■■ to 50%'by 
weight N-halo organic oxidizer, based on the weight of the 
biologically active ingredient, i.e. , : N-halo organic 
oxidizer and non-oxidizing biocide. More preferably, the 

30 biocidal composition comprises about 1% to about 25% by 
weight triazine and about-75% to 99% by weight N-halo 
organic oxidizer, and most preferably, the biocidal 
composition comprises about 10% to about 20% by weight 
triazine and about 80% to 90% by weight N-halo organic 
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S 

ZSZZJT" °" " el9ht ° f the ^i-U, active 

As demonstrated in the below examples, a product 
co„ taining e clend of one of the above-identif led activ 
halogen donors and one or .ore of -the above-identified 
trxazrnes demonstrates no antagonistic effects upon the 
oee„ d° Y <=°»P°nent. It has additional^ 

pronas atrazine and 

Propazrne are stable to active halogen, even at relatively 
hrg evels of active halogen. Thus, the dry composit o ' 

(or the formation of other solid agglomerates) and use in 
the " h " 6 ^ —'""0" of free halogen in 

the erosxon tan, is regularly between about 25 to about 500 
PPm, and on occasions will exceed 500 ppm. ; 

Depending upon, the. water system being treated 
and whether it is desired to -shodx- the system versus , 
routine, maintenance of it, tbe-biocidal product may be in 

Part cularlvT^' " ° th « SOl « agglomerates . 

Partrcularly where it is desired to -shock- the system a 

granulated product is preferred.. Granules are conveniently 

ia p :i:?r bienain9 ~ s ° f the »^«^ng- i0 c : y 

~T« ' C011 « ^«««9 «>e blend, crushing the 
compacted material and sieving the crushed material 

90V e i C o blY ';' he 9IanUleS hare * aieve.size of greater than 
s pa'rtil'l 9 " St " * S ° meSh - Co -«»P«tion 

and • Y P " £eCred beCaUSe " re =" lts ■■'« = thorough .. 

The " T mlX1 " 9 ° f 0!tldlZin9 MOCiae ** 

The granular product may also include inert ingredients: - 

that enhance the dissolution of the granules, . such as 
sodrum chloride, borax and sodium carbonate. ' 

Particularly where erosion feeders are used it 
- preferred that the biocidal, product be in the- form of a ' 
tablet (or other solid agglomerate) . Through the use of 
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stabilizers/ binders, dissolution agents and hardening 
agents, the tablet can be designed to disintegrate at a 
particular rate, thus delivering the active biocidal 
ingredients to the system in a controlled, time-release 

5 manner. Preferred hardening agents for the tablets include 
dry particulate alkali metal or alkaline earth salts - 
consisting of a cation selected from among the group 
comprising- lithium, sodium, potassium, calcium, and 
magnesium and an anion selected from among the group 

10 comprising carbonate, bicarbonate, borate, silicate, 

phosphate, percarbonate , and perphosphate . The preferred 
binders are methyl cellulose, sodium-carboxy-methyl 
cellulose, polyvinyl alcohbl, sodium alginate, gums, 
resins, zeolites, sodium silicate, starch,, stearic acid,- 

15 metallic stearates glycols , carbowax.and water. The 

preferred dissolution agents are sodium, chloride , borax and 
sodium carbonate. 

Tablets are formed by blending dry particulate 
halogen donor and ; dry particulate triazirie with additive ; 

20 (in a dry, particulate form) to form a mixture and 

transferring the mixture to a tableting machine such as a 
Stokes rotary press; Preferably, a die lubricant such; as 
sodium stearate is included in the tableted composition^ : 
Conventional blending equipment is used,; a twin shell or--- 

25 Vee mixer being particularly preferred.,. The amount of 
additive blended with the halogen donor and triazine is 
determined by the concentrations desired in the. final 
product. Through-the use of additives mentioned above, the 
tablets may be designed for either fast dissolution 

30 (shocking applications) or slow dissolution in an erosion 

• tank, ' ; - ; 

The resulting tablets may vary in size; depending 
upon the application. However, it has< been found that.: 
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tablets of about 1 3/16' diameter and of about 3" in 
diameter (sometimes referred to as -pucks") are preferred 

The density of the tablet has an effect upon its 
dissolution, m erosion tanks, the dissolution of low 
density tablets is difficult. to control. Although it is 
less difficult to: control the dissolution of higher density 
tablets, if the density gets top .high, the dissolution rate 
decreases to such an extent that a larger capacity erosion 
tank is required. Therefore, it is preferred that the 
tablets have a density between about 1.2 and about 1.7 
gra./cc. 

The biocidal composition of this invention may 
additionally include halogen stabilizers, such as 
dimethylhydantoin or cyanuric acid; ultraviolet light „ , 
stabilizers such as cyanuric acid, dimethylhydantoin, and 
oxazolidinone; and corrosion inhibitors such as sodium zinc 
polyphosphate- CNa 1/2a+1 2 n 1/2n+1 p^, and 
sodium hexametaphosphate ( N a n+2 P„ 0 3n+1 ) where n= 
10-16. The amount of corrosion inhibitor, and stabilizers, 
will of course, be determined by the application for the , 
product, in general, however, it is preferred that the 
biocidal composition contain between about 5 to 50% by 
weight- of the- halogen stabilizer, between about 5 to 50% by 
weight of the ultraviolet light, stabilizer, and between 
about 5 to* 50% by weight of the corrosion inhibitor, .based 
on the weight of the biocidal product (including additives). 

Where the biocide product of this invention is 
prepared by using one of the above-identified commercially 
available sources of simazine or terbuthylazine, such as 
Princep Caliber 90, it is particularly preferred that the 
product contain a halogen stabilizer. The inert 
ingredients of Princep- Caliber -90 include clays and 
surfactants which may cause decomposition of the N-halo 
organic oxidizers in the absence of halogen stabilizers. 
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Although the concentration will vary depending 
upon the water system, it is generally preferred that the 
concentration of halogen and the concentration of triazine 
(simazine, terbuthylazine, atrazine, propazine or a. 

5 combination thereof) in the water system be maintained at a 
level between about 0 . 1 to about 50 parts per million (ppm) 
of halogen (measured as chlorine) and between about. 0.1 to 
about 10 ppm triazine to keep the system free of algae, 
bacteria and fungi.. For many water systems such as water: 

10 cooling , towers and swimming pools, it is particularly . 

preferred that the concentration of halogen and triazine- be 
maintained at about 1-3 ppm and 1 ppm, respectively. Thus, 
in a preferred embodiment of the present invention, the 
relative amounts ofr N-halo organic oxidizer and triazine in 

15 the biocidal product are tailored so that.Upon regular (or 
continuous) treatment of the water system,, the preferred 
levels of active halogen and triazine ar,e maintained, 
taking < into, account loss from the system through blow down , 
dilution or other causes. 

20 As used herein, .parts per million of halogen 

refers to , the leyel of .free halogen, and not total halogen, 

except : where indicated; The number of. parts per million; of 

active,halogen is determined, as per AWWA chlorine method . 

and the number of parts; per million of triazine is •.-.,■}«> 

25 determined by HPLC; 

In a particularly preferred embodiment, the 

biocidal product is in the form of a solid, shaped 
agglomerate such as a tablet. Preferably, the tablets, not 
only provide the desired ratio of halogen and triazine 
30 (e.g., 1-3 parts halogen: 1 part triazine) but are, designed-, 
to do so. in a predetermined, volume of water. For instance, 
because most spas contain. a relatively small volume of 
water, itris preferable to use a. ■ tablet that provides 3 ppm 
of halogen and 1 ppm triazine per 250 gallons- or 500 
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anil T " COOlln9 tOWeCS ' lt iS to use a 

tablet that provides 3 pp m of halogen and 1 Ppm of triazin* 

Per 1 000 oc 10,000 g all ons of water . - The provilLn of fch^ 
biocrdal product in tablets that provide the desired 
concentrations of halogen and triasine u P on dissolution in 
a Predetermined volume of water allows for relatively 
simple maintenance of the water system. The operator 
simply adds the correct number of tablets (i'e an 
effective amount) at appropriate intervals to control the 
growth of algae, bacteria and fungi, : 

a . Such tablets are particularly well suited for Use 
in erosion feeders currently being used, for example, in 

15 ZZITIT 7 tEeafcinent ° f 8WW ^ -nd cooling 

towers Erosxon tanks installed on a by-pass line taken 
f om he main pumping line of the water system axe tllZ 
wit he biocidal composition in the form of granules oT 
tablets. A small quantity of the system water from the ■ 

20 thrb PUmP , in ! " diVSrted t0 the "° Sion ^ere the 

he bridal composition is dissolved into, the water, and 
the effluent from the erosion tank is returned to thi water 
system. The concentration of biocide in the effluent is-' 
dependant upon bed volume of solid biocide; temperature, 

25 IZ J , dSnSifcy ° f tabietS - ^^rably, 

the concentration of halogen in the effluent is about 1 to 
500 ppm of halogen measured as- chlorine and the 

concentration of triasine^ in the effluent is about 10 to , 
100 ppm. 

30 on « ThUS ' Wh6re an •'"•ion tank is employed, the 
bLLTi neSd ° nlY PeCi0dical ^ the .tank with the 

bioddal composition in the form of granules or tablets 
And because'- the biocidal composition of the present ' 
invention contains both an, oxidizing and a non-oxidi 2 i„g 
biocide, the operator need do nothing more than - - 
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periodically refill the erosion tank with granules or 
tablets having the desired relative amounts of 
non-oxidizing and oxidizing biocides to effectively control 
bacteria, algae and fungi.. No additional equipment is 

5 necessary, nor is there any need to separately add or keep 
records regarding any additional biocidal composition. 

As mentioned above, it was surprising to find 
that the N-halo organic oxidizing biocide is stable to both 
simazine and terbuthylazine- when the product is in the form 

10 of granules or tablets produced from co-compacted powders 
of the N-halo organic oxidizing biocide* and simazine or 
terbuthylazine It was; even more surprising that these 
compositions are stable to each other in erosion tanks 
where the concentration of halogen ranges from about 25 to 

15 500 ppm and the concentration of triazine ranges from. about 
2.5 to 50 ppm. Moreover, without being bound to any 
theory, it is presently believed that in the presence of 
active halogen, simazine and terbuthylazine are converted 
to N-halp : . derivatives which demonstrate greater efficacy as 

20 a biocide than does either simazine or terbuthylazine. And 
the greater the concentration of halogen and triazine in 
the erosion tank, the greater; will be the rate of 
conversion of simazine and terbuthylazine to the N-halo 
derivative, i.e. , 2-chloro-4,6-bis-(chloro-ethylamino)-s- 

25 triazine and 2-( tert-chloro-butylamirio)-4-chloro-6- 
(chloro-ethylaminp)-s-triazine . 

The following examples illustrate the invention. 
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Example 1 

* 

b.,„„ TabletS (2 ° gm) ha " in9 the £°™.lations listed 

uay period at a temperature of 12f>°p 
throughout: fchis period for eh.\! f monitored 
No frpe . . P 10d for . fche formation of free bromine 
No free bromine was detected. A i so ar< -K "mine, 
the 120 day D erinrf fc hS concl «sion of 

^ oajr period, each composition was analyzed for 
bromine content and it was found that each 
contained at least 95 „h * . * each position ' 
„„„, . ^ ieast 95 wfc ' % °f the bromine orginally 
contained by the composition. - * 



CN 1171 
15 53 w t. % CN 363 a 
20 wt. % pc 90 b 
24 wt « * Sodium chloride 
3 wt. % Sodium carbonate 



CN 538 
27.53 wt. % 



BCDMH 



7.57 wt. % pc 90° 
27.04 wt. % # sodium Chloride 
37.86 wt. % sodium Zinc 

Polyphosphate 



CN 1210 
79 wt. % 
10 wt.. % 
8 wt. % 

3 wt. .%. 

CN 1168 
53 wt. % 
10 wt. % 
10 wt. ,% 
24 wt. % 
3 wt. % 



CN 363 a 
PC 90 b 

Sodium chloride 
Sodium carbonate 



CN; 363- '■ 
PC 90 b 

Bellacide 320 c 
Sodium chloride - 
Sodium carbonate 



25 



CN 498 

93 wt. % CN 363 a 
4 wt. % Aquazine d 
3 wt. % sodium Metasilicate'5H 2 0 
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CN 499 

90 wt. % CN 501 e 
7 wt. % Aquazine d 
3 wt. % Sodium Metasilicate *5 H 2 0 

5 a CN 363 is a co-compacted powder comprising 65 wt. % BCDMH : 
and 35 wt .% DMH. _„,. . 

b 

PC 90 is a herbicide sold by Ceiby-Geigy (Greensboro/ 
N.C.) under the trademark Princ'ep Caliber 90 that 
contains 90% simazirie and 10% inert ingredients, 

c 

10 Bellacide .320 is a powder sold by Ceiby-Geigy 

containing 96% terbuthylazine and 4% inert ingredients. 
Aquazine is an algacide sold by Ceiby-Geigy (Greensboro, 

N.C.) containing 80% simazine and 20% inert ingredients. 
CN 501 is a co-compacted powder comprising .60 wt.% BCDMH, 
15 30 wt.% trichloroisocyanurate and 10 wt % cyanuric acid. 

—\ •" ■■• ' ■ ■ ■ ' 

•; Example. 2 

Treatment of a Cooling Tower 

A Mar ley open, double flow- cooling tower 1 with 
10,000 gallon capacity: and 80,0.00 gallons per day make up ; 

20 water flow was treated over a 104 day- period with a 

formulation designated. CN-53 0.: . (The CN-530 used in- this 
example had two separate formulations. The first 
formulation contained ,87% CN-363 ( see Example 1), 3% sodium 
metasilicate pentahydrate and 10%Princep Caliber 90 r 

25 (PC-90) and the second formulation contained 8 2% CN-3 6 : 3, 3% 
sodium metasilicate. pentahydrate and 15% PC-90. 'In the 
following description, the percent of PC-90 is stated along 
with the compound number to distinguish the first CN-530 
formulation from the second CN-530 formulation)'.. The tower 

30 used for this test provided a perfect environment for algae 
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Br«I^' er ° Sio "- t ^ e "-tinuous feed tank, sc-16-10 
Bro» ln ator wxth 35 po„nd tablet dl e ^ 

connected to the Bake . up wat6r ^ ^ > £ ~ 

controller to measure the CN-530 dosage' 
portion o/r" 3 ^ 15 ' Prl ° C t0 be9i "" i '>9 the teat, a 
of a^aae d UPP " dSClt ° £ ° OOU " 9 t0 »« — =l-„e a 
10 condi! M " P0C " 0n " 3S le " ln « algae-fouled 

condrtron. on day o aad prior to the CH-530 treatment 
a 9 ae gt owth. was. slowed but not controlled, by 

Tv^r*™*' In »"« BroJcid " 

.25 to . 75 ppn a„d BCD«u was ted to iaiWtain ' a 0.5 to 
^C° SM " SWttal meaS " ad ,* «». 

««,. ► • Be9inni ° 9 on a «y «BT treatment was 
alone Hh ^ *-''«" BroMCide 

20 present on t, t^"' ^ V3 '' ° £ « then 

present on the tower distributor wi 
alnsa „. «««.tiDutor. Within one week the 

algae mat grew one inch. . 

. Beginning on day 20, Bromicide treatment was 

Pc^T andtbe tower was „ it h CN ^o u: % 

25 ' to ** ™ - C ° nC T Cati ° n ° f halo ^-was maintained at 0.5 
to I 5 ppm measured as bromine and the- Concentration of 
SlffiaZineWaS -i^ained at approximately 2 . 0 ppra as - 
W ea,urea by. HP LC . *he growth of ^ algae stopped! turned 
grey loosened and later became unattached from the tower 

the coolmg water fell below effective-levels during the 
^eatment period due. to a malfunction of: the chemical feed 
equipment, the algae mat grew back and was mechanically ~ : 
removed on day 48. uy 
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After mechanical removal of the algae mat, CN-530 
(10% PC-90) treatment was continued at the previous 
levels. Chemical consumption during the period from day 21 
to day 55 averaged 8.8 pounds per day CN-530 (10% PC-90). 

5 MBT was slug fed starting on day 57 and concluded on day 
66. During this period all remaining algae was killed. 

Beginning on day 67/ the tower was treated with 
CN-530 (15% PC-90). However, because of the drop in 
temperature, less make-up water was required, resulting in 

10 a drop in the dosage of CN-530. As a result, the 

concentration of algacide in the cooling water dropped to 
less than 1 part per million and the biofilm weight 
increased significantly. The test was discontinued on day 
104 when the water temperature fell below that which would 

15 prompte the growth of algae. 

The following will summarize the sampling and 
analytical methods used. 

1. Biofilm Sampling . 

A 10 cm I.D. pyrex glass flaredpipe connector^ : 

20 was used to sample the biofilm on the upper, deck of the : 
cooling tower. The open-ended glass , cylinder was placed 
directly on . the upper, deck and the biofilm. was removed by 
scraping. .Three different^ regions were sampled; a> 
previously fouled area, an area that was entirely clean : : 

25 (macroscopically) on the first day of the test, and an area 
that, was, cleaned on the day that CN-530 treatments began. 
Two to four.^ different areas in each region on the upper 
deck were scraped and the, biofilm specimens were pooled. 
The specimens were transported to the laboratory on ice and 

30 then stored frozen until quantitative biofilm analyses were 
performed. 
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2 * Gra vimetr ic Analyses of Biofilms 

The dry weight and ash-free weight of biofilm 
samples „ece determined essentially as described in 
Standard Methods for th e Examination of Water anri 
Wastewater, 15th (Method 1002H.4). One to five mi 

aliguots of homogenized .biofilm samples were added to 
Pre-weighed crucibles and dried to constant dry weight at 
J-U* C. samples were then ignited at 550 C for 1 hr in 
order to determine ash-free weight. About 0.5 ml of 
distilled water was added to each crucible to rehydrate the 
resxdue and then, dried to constant weight at 105 C in 
order to correct for the water of rehydration. The 
difference between the dry weight and the corrected 
ash-free weight was used to calculate the total volatile 
residue (which is a measure of the organic weight). Eac h 
oiofilm sample was analyzed in triplicate. 

Figure 1 shows the water temperature (°c) on the 
upper deck and in the basin of the cooling tower. The :; 
water temperature. ranged from about 26 to about 34 *C on the 
upper deck; the microbial biofilm was consistently exposed - 
to cooler, water after about day 50. : 

-Figure 2 shows the biofilm weight (open symbols) 
and sxmazine. concentration (closed symbols) of the 
previously fouled area, i.e., that area not cleaned of 
25 algae immediately prior- to the test. The data show that 
the. biofilm weight increased dramatically when the MBT was 
discontinued (day 13); that the increase in biofilm weight 
stopped when CN-530 treatment began (day 20) and that- 
biofi-lm development Was inhibited until about day 3?i that ' 
biofilm development began again when the concentration of 
simazxne was consistently below about 2 ppm (day 37-48). 
and that after the biofilm was removed (day 48), it did'not 



20 



0 
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increase dramatically until the simazine concentration was 
consistently below about 1 ppm. 

Figure 3 shows the bibfilm 'weight (open symbols) 
and simazine concentration (closed symbols) with time for 

5 the surface that was cleaned when the test began. The data 
show that the biofilm did not increase in weight 
dramatically until after the algacide concentration had 
been consistently below about 2 ppm (days 37-48); and that 
biofilm development was inhibited after cleaning the deck 

10 (day 48) until the concentration of algacide dropped to 
below 1 ppm. 

EXAMPLE 3 

Two dissolution rate tests were performed to 
determine how CN-530 (10% PC-90; see Example 2), tablet 

15 dissolution behaviour differs from Bromicide tablets (92.5 
wt.% BCDMH, 7.5 wt.% inert ingredients sold by Great Lakes 
Chemical Corp., Lafayette, Indiana) in the industrial water 
treatment CBB-35 brominator (Hydrotech, Georgia). The 
tests were run using a 5 gpm flow rate, 80°F water 

20 temperature, and 10 lb charge weight. The free and total 
bromine measurements were performed with the FAS-DPD system. 

The residual delivery rate behavior was 
relatively flat over the four-hour test period for both 
CN-530 and BCDMH tablets in the brominator. The average 

25 free bromine residual was 84.8 ppm for the CN-530 tablets 
and 33.9 ppm for the BCDMH tablets. The amount of product 
consumed by mass balance determination was 2.8 lbs for 
CN-530 and 0.16 lbs for BCDMH tablets. The delivery rates 
are listed in Table 1. 
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Table I 

Delivery Rate of CN-530 and BCDMH Tablets 



BCDMH 



CH - 530 

30 ■„ '!„ 41 - 00 8«-52 

» ' ■ a o 31 - 54 

135 162,2 «•»* 74 35 

- 162.7 38 « 

ISO ■■, ., : , 38 - 75 68.05 

155 85.62 150 5 n , 0i,5J ", 

, ln Aau.s 41.01 73 93 

116.30 210.9 ' 34 25 ^. 7 

225 97 7Q W-v „ 64.44 

240 lL o 30 ' 64 56.78 

1U * 8 ° 187 '° \ 36V05 ' 65 .34 
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In view of the above, it will be seen that the 
several objects of the invention are achieved. 

As various changes could be made in the above 
compositions and methods without departing from the scope 
of the invention, it is intended that all matter contrained 
in the above description shall be interpreted as 
illustrative and not in a limiting . sense. 
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What is claimed: • 

1. A dry biocidal composition, the active 
ingredient of which comprises an N-halo organic oxidizing 
biocide and a non-oxidizing biocide, the N-halo organic 
oxidizing biocide being selected from the group consisting 

5 of 3-chloro-4 r 4-diraethyl-2-oxazolidinone, 3-bromo-4,4- 
dimethyl-2-oxazolidinone, 1, 3-dichloro-4, 4, 5,5- 
tetramethyl-2-imidazolidinone f 1, 3-dibromo-4, 4, 5, 5- 
tetramethyl-2-imidazolidinone, l-bromo-3-chloro- 
4r4,5 / 5-tetramethyl-2-imidazolidinone r 1,3,5-trichloro- 

10 s-tria Z ine-2,4,6-trione, dichloro-s-triazine-2, 4,6-trione, 
sodium dichloroisocyanurate, potassium 

dichloroisocyanurate, N-halohydantoin compounds of the 
formula 
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1 2 

15 where R and R are independently selected from the 

group consisting of hydrogen and lower alkyl, and X^ and 
2 

X. are independently selected from the group consisting 

1 

of bromine, chlorine and hydrogen, at least one of X and 
X 2 being halogen, and N-haloglycour ils having the formula: 

0 
ii 

R2-N N-R 3 

II 

R-G C-Rjl 

R4-N\ c /N-R 5 



20 



where R and ^ are each selected from the group 
consisting of hydrogen, lower alkyl and monocar bocyclic^ :;■ 
aryl; wherein R 2 , R 3 , R 4 and R 5 are each selected 
from the group consisting of hydrogen, chlorine and 
25 bromine; and wherein at least one of sa.id R2*' R 3 f R 4 

and R, is chlorine and at least another of, said R~, 

... .5 . . , , - * 

R 3 , R 4 and R 5 is bromine; and the . non-oxidizing 
biocide being selected from the group consisting of 
2-chloro-4,6-bis(ethylamino)-s-triazine, 
3(J 2-(tert-butylamino)-4-chloro-6-(ethylamino)-s-triazine, 

2-chloro-4, 6-bis ( isopropylamino) -s-triazine, and 
2-chloro-4-ethyl-amino-6-isopropylamino-s-triazine. 
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l- The biocidai composition o£ claim 1 wherein 
said K-haio organic oxidising bioclde t . sele=ted f ^ ^ 
«»■* consisting 0£ I-bro n0 -3- chloro . 5 ; 5 . dlB6thnhvaantoin( 

3-bco™o-l-chloro-5,5-dimethylhydantoin, 
l,3-dibromo-5,S-dip, et hylhydantoin, and 
l,3-diohloco-5,5-dimethylhydantoin. 

3. The biocidal composition of claim 1 wherein 
said N-halo organic oxidizing biocide is 

l-bro„o-3-chloro-5,5-dimethylhydantoin. 

said „• -, 4 ' bi ° Cidal CO " POSl "» ° £ I -herein 

sard brocrdal composition comprises between about „ and 

*»t ,„ by weight of said no„-o*idisi ng biocide and 

between abou, 50J and aboot 99% by weight Of said H-haio ' 
organic oxidizing, biocide, based on' the weight of the 
active ingredient. 

said act- ^ " TCia " °™ POSl "°" <* 1 "Herein 

ssxd actrve ingredient comprises between about^U and about 

* W9i9ht —Sizing biocide and between 

about 75% ana about 95S by weights said ,,-aaio or ga„ic 
Rising biocide< based on ^ wei3ht o . ^ 

ingredient. 
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6. The biocidal composition of claim 1 wherein 
said active ingredient consists essentially of between 
about 10% and about 20% by weight of said non-oxidizing 
biocide and between about 80% and about 90% by weight of 

5 said N-halo organic oxidizing biocide, based on the weight 
of the active ingredient. 

7. A biocidal composition as set forth in-, 
claim 1, wherein said composition further comprises between 
about 5% and about 50% by weight of a halogen stabilizer, 
based on the weight of the biocidal composition, 

8. A biocidal composition as set forth in 
claim 7, wherein said halogen stabilizer is selected from 
the group consisting; of .dimethylhydantoin and cyanuric acid, 

9. A biocidal. composition as set forth.in claim 
1 wherein said composition further comprises between about 
5% and about 50% by weight of a hardening agent based on 
the weight of the biocidal composition. 

10. A biocidal composition as set forth in claim 
9 wherein said hardening agent is an alkali metal or 
alkaline metal salt consisting of a t cation selected from 
the group consisting of lithium, sodium, potassium, calcium 
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and magnesia* and an anion selected from the group 
cons isfcing of carbonate/ bicaEbonatef borat ^ sii . cat ^ 

Phosphate, percarbonate and perphosphate. 

11. A biocidal composition as set forth in 
claim 1, wberein said composit . on further compr . ses between 

about 5% and about 5Q% by Weight of a dissolution ^ 
based on the weight of the biocidal composition. 

12. A biocidal composition as set forth in claim 
11, herein- said- dissolution agent is selected from the ? 
^oup consisting of sodium chloride, borax and sodium 
carbonate. 

W. A bioeidal composition as set forth in 
1, wherein said composition further comprises a 
b»der selected fro, the group consisting of methyl 
cellulose, sodium-carboxy-methyi cellulose, polyvinyl' : " ' 

"r 1 ' S ° aiUm ^ * Elites, sodium 

Plicate, starch, stearic =acid, metallic stearates, 
glycols, carbowax and water. 

14. ' A biocidal composition as set forth in 
claim 1, wherein said composition further comprises between 
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about 5% and about 50% by weight of an ultraviolet light 
stabilizer, based on the weight of the biocidal composition. 

15. A biocidal composition as set forth in 
claim 14 f wherein said ultraviolet. light stabilizer is 
selected from the group consisting of dirnethylhydantoin, 
cyanuric acid and oxazolidinone . 

16. A biocidal composition as set forth in 
claim 1, wherein said composition further comprises between 
about 5% and about 50% by weight of..- a corrosion inhibitor, - 
based on the weight of the biocidal composition.— 

17. A biocidal composition as set forth in ' r 
claim 16, wherein said corrosion inhibitor is selected from 
the group consisting of sodium zinc, polyphosphates of the 
formula <■ 



Na l/2n+l Zn l/2n + l P n°3n+1 



and sodium hexaraetaphosphafces of the formula 



Na n+2 p n °3n+l 



where n is an integer from 10 to 16. 
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18. A biocidal composition as set forth in 
claim. 1, wherein said, composition is granulated. 

19. A solid agglomerate for use in controlling 
«*. growth of ai gae bacteria in a water system, the 
agglomerate having a density between about 1.2 and about 
1.7 gm/cc and comprising an inert ingredient selected from 
the group consisting of binders, hardening agents, 
dissolution agents and stabilizers and a bioactive 
ingredient comprising an N-halo organic oxidizer and a 
non-oxidizing Wocide, the N^halo organic oxidizer being 
selected from the group consisting of 3-chloro-4, 4- 
dimethyl-2-oxazolidinone, 3-bromo-4, 4-dimethyl- 2 -oxazol- 
idmone, l,3-dichloro-4, 4, 5, 5-tetramethyl-2- 

2-*nidazolidinone, l-bromb-3-chloro-4, 4, S^tetramethyl- 
2-imidazolidinone, l,3,5-trichloro-s-tria Z ine-2,4,6-trione, 
dxchloro-s-triazine-2 f 4.,6-t E ione, sodium 
dichloroisocyanurate, potassium dichloroisocyanurate, 
N-halohydantoin compounds of the formula 
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where R and R are independently selected from the 

group consisting of hydrogen and lower alkyl, and X^" and 
2 

X are independently selected from the group consisting .. 

of bromine, chlorine and hydrogen, at least one of X 1 and 
2 

5 x being halogen, and N-haloglycour ils having the formula: 



O 
(i 



R 2 -N /CX N-R3 

i i 

R-G C-R X 



R4-N\ C ^N-R 5 



il 

O 



where R and R^ are each selected from the group 
consisting of hydrogen, lower alkyl and monpcarbocyclic 
aryl; wherein R 2 , R 3 , R 4 and R 5 are each selected 

10 from the group consisting of hydrogen, chlorine and 
bromine; and wherein at least one .of said R 2 , Rj, R 4 
and Rj is chlorine and .at least another of said R^, 
R^r R 4 and R 5 is, bromine; and the non-oxidizing 
biocide being selected from the group consisting of 

15 2-chloro-4 , 6-bis( ethylamino) -s-triazine, 

2-( tert-butylamino)-4-chloro-6-( ethylamino)-s-triazine 
2-chlorq-4, 6^bis-( isopropylamino) -s-triazine, and 
2-chloro-4 ethylamino-6-isopropylamino-s-tr iazine . 
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5 



20. The biocidal composition of claim 19 wherein 
said .-halo ocganic oxidiz . ng bioc . de , g selected - fcom 

g roup, consisting of l-bromo-3-chloro-5, 5-dimethylhydantoin, 
3-bromo-l-chloro-5 f 5-dimethylhydantoin r 
l^-dibromo-^S-dimethylhydantoin, and 
Ira-dichloco-S^-dimethylhydantoin. 

21. An agglomerate as set forth in claim 19, 
"herein said N - ha io organic oxidizing biocide is 
l-bromo-3-chloro-5, 5-dimethylhydantqin. 

22. An agglomerate as set forth in claim 19 
wherein said agglomerate upon dissolution provides active 
halogen and non-oxidizing biocide irf the ratio of about 1 
to 3 Parts active halogen measured as chlorine to 1 part 
non-oxidizing biocide. 

23. " An agglomerate as set forth in claim 19, 
wherein said agglomerate comprises between about 5 and' 
about 50% by weight of a corrosipn inhibitor, based on the 
weight of the agglomerate. 

24. An agglomerate as set forth in claim 23 : 
wherein said corrosion inhibitor is selected from the group 
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consisting of sodium zinc polyphosphates of the formula 

Na i/2n+l Zn l/2n+l P n°3n+1 
and sodium hexame taphosphates of the formula 

Na L _ P 0- 

n+2 n 3n+l • - 

where n is an integer from 10 to 16. 

25. An agglomerate as set forth in claim 19, 
wherein said agglomerate comprises between about 5 and 50% 
by weight of an ultraviolet light stabilizer,,, based on the 
weight of the agglomerate. 

26. An agglomerate as set f orthtin claim^ 25, 
wherein said ultraviolet light stabilizer is -.selected ,f rom 
the group consisting of dimethylhydantoin, cyanuric acid 
and oxazolidinone. , 

27. An agglomerate as set, forth in claim 19, 
wherein said agglomerate comprises. between about. 5 and 50% 
by weight of a halogen stabilizer , based, on the., weight of 
the agglomerate. 
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28. An agglomerate as set forth in claim 27, 
wherein said halogen s t abili 2ec is selected from the group 
consisting of dimethylhydantoin, and cyanuric acid. 

29. An agglomerate as set forth in claim 19 
wherein said bioactive ingredient comprises between about 
1% and about 99% by weight of said non-oxidizing biocide 
and between about 1% and about 99% by weight of said N -halo 
organic oxidizing biocide, based on the weight of the 
bioactive ingredient. 

30. An agglomerate as set forth in claim 19 
wherein said bioactive ingredient comprises between about 
1% and about 25% by weight of said non-oxidizing biocide 
and between about 75% and about 99% by weight of said 
N-halo organic oxidizing biocide, based on the weight of 
the bioactive ingredient. ; - 

31 • An ^glonierate as set forth in claim 19 
wherein said bioactive ingredient consists essentially of 
between about 10% and about 20% by^ weight of said 
non-oxidizing biocide and between about- 80% and about 90% 
by weight of said N-haio organic oxidizing biocide, based' 
on the weight of the active ingredient. 
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32. A method of controlling the growth of algae 
and bacteria in a water system comprising treating the 
water system with an effective amount of a dry biocidal 
composition containing an N-halo organic oxidizing biocide 

5 and a non-oxidizing biocide as the bioactive ingredient, 
the N-halo organic oxidizing biocide being selected from 
the group consisting of 3-chloro-4, 4-dimethyl-2- 
oxazolidinone, 3-bromo-4, 4-dimethyl-2-oxazolidinone, 
1, 3-dichloro-4, 4,5, 5-te trame thyl-2-imidazolidinone , 

10 l,3-dibromo-4, 4, 5, 5-tetramethyl-2-imidazolidinone, 

l-bromo-3-chloro-4, 4, 5, 5-tetramethyl-2-imidazolidinone f 
1, 3, 5-trichlocp--s-triazine-2,4 v , 6-trione, dichloro-s- 
triazine-2,4,6-trione, sodium dichloroisocyanurate, 
potassium dichloroisocyanurate, N?-halohydantoin compounds 

15 of the formula : " 




where R 1 and R 2 are independently selected from the 
group consisting of hydrogen and lower alkyl, and X 1 and 
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* Z ate independently selected from the group consisting 
of .bromine, chlorine, and hydrogen, at least one of X 1 and 
20 x being halogen, and N-haloglycourils having the formula: 



O 
u 



R2-| /Cx |-R 3 
R^& C-R-, 

I I 



If 
O 



where R and ^ are each selected from the group 
consisting of hydrogen, lower alkyl and, monocarbocyclic 
aryl; wherein R 2 , R 3 > R 4 and i R $ are each selected 
25 from the group consisting of hydrogen, chlorine and 
nomine; and wherein at least one of said R,, V ^ 
and R 5 is chlorine and at least another of said R 2 , 
R 3 , R 4 and R 5 is bromine; and the "non-oxidizing 
biocide being elected from the group consisting of 
30 2-chloro-4 f 6-bis(ethylamino)-s-triazine, 

Z-Ctert-butyiaminO-^chloro-e-fethylaminO-s-triazine, 
2-chloro-4,6-bis(isopropylaraino)-s-triazine, and 

2-chloro-4-ethylamino-6-i S opro P ylamino-s-triazine. 
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33. A method as set forth in claim 32 , wherein 
said biocidal composition comprises between about 1% and 
about 50% by weight of said non-oxidizing biocide and 
between about 50% and about 99% by weight of said N-halo 
organic oxidizing biocide, based on the weight of the . 
bioactive ingredient. 

34. A method as set forth in claim 32, wherein . 
said biocidal composition comprises between about 1% and 
about 25% by weight of said non-okidizing biocide and 
between about 75% and about 99% by weight of said N-halo. 
organic oxidising biocide, based on the weight of the 
bioactive ingredient. 

35. A method as set forth in claim 32, wherein 
said biocidal composition is in the form of an agglomerate, 
having density between about 1.2 and about 1.7 gms/cc and 
which upon dissolution provides active halogen measured as 
chlorine and non-oxidizing biocide in the ratio of about 1 
to 3 parts halogen to 1 part non-oxidizing biocide. 

36. A method as set forth in claim 32 wherein 
the biocidal composition is contained within an erosion 
feeder and the water system is treated by passing a stream 
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5 



of W ater through the erosion feeder and mixing the effluent 
from the feeder with the water of the water system. 



3-7. A method as set forth in ciaim 36 wherein 
the concentration of the N-halo organic oxidizing biocide 
and the non-oxidizing biocide in the effluent is between 
about 10 to about 500 pp ra and about 10 to about 100, 
5 respectively. 

38. A method as set "forth in claim 37, wherein 
said non-oxidizing biocide is converted to an N-halo 
derivative in the erosion feeder, the N-halo derivative 
being selected from the group consisting of 
5 2-chloro-4,6-bi s - ( chloro-ethylamino)-s-triazine and 

2-(tert-chloro-butylaminb>-4-chlolo-6-(chforo-ethylamino)-s- 
triazine. - 
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